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Abstract: Enedione derivatives of thieno[23-d]oxazinones are nanomolar inhibitors of CMV protease which 
act through a novel dual acylation of the catalytic serine and alkylatton of the protease cysteine 161 via a 
Michael addition to the enedione moiety of the inhibitor. © 1999 Hscvter Science Ud. All rights reserved. 

The finding that all herpes viruses encode a unique protease that is essential for viral replication has 
afforded a potential new target for therapeutic interventioa 1 This potential has been further enhanced by the 
publication of the crystal structure of the human cytomeglovirus protease showing it to be a serine protease 
with a catalytic triad consisting of His63, Hisl57 and Serl32 which is unique to the herpes proteases, 2 The 
protease plays a vital role in viral capsid maturation, cleaving a scaffold protein which is encoded in-frame with 
the C-terminal part of the gene product^ The protease shows a varying degree of sequence homology across 
the herpesvirus family and a highly conserved P4-P1' cleavage motif in which proteolysis occurs between 
alanine and serine residues. 




Tbere have been several mechanism based inhibitors reported recently all of which interact with the 
catalytic serine. 4 * 5 We now report on a series of enedione-thkm)[2,3^]oxazinones derivatives 1 related to 
those described in an earlier letter 6 which are potent and selective CMV protease inhibitors that act by not only 
acylating the catalytic serine but also by alkylating cysteine 161 of the protease. 

The enedione-thieno[2,3-d]oxazinones 5-16 were prepared from the thiophene amino acid 2 by 
acylation with Boc-alanine followed by concommitant cyclisation to the thieno[23-d]oxazinone 3 using l-(3- 
dimethylamiiiopropyl^3^ylcarrjodiimide hydrochloride (DEC). Treatment of 3 with trifluoroacetic acid 
yielded the amine salt in excellent yield which could be acylated with the appropriate acid using DEC in the 
presence of Hunigs base (Scheme 1). The enedione-thieno[2,3-d]oxazinones were evaluated as inhibitors in 
quenched nuorescencc assays for the peptidolytk activity of the CMV, HSV-2 and VZV proteases 5 and the 
results are summerised in Table 1. Surprisingly, an order of magnitude improvement in IC50 on CMV, HSV-2 
and VZV proteases was observed for the aryl ketones compared to the most potent of the cinnamide thfeno[23- 
d]oxazinones described earner 6 while activity on HSV-2 and VZV was generally micromolar. Although an 
ethoxy substituenl in the 4-position of the aryl ring 6 was detrimental to CMV protease potency, both electron 
e-maO:hm_PinU>'I®sbphrdcom. Fax +44 1279627841; RichardJLJarvestQsbphrdcom. Fax +44 1279627628 
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Scheme 1 

donating and electron withdrawing substituents were well tolerated in the 3-position (compounds 8 to 10). 
When the ketone was replaced by an amide group as in 13 there was a considerable drop in CMV activity 
though that against the HSV-2 and VZV proteases remained similar to that observed with aryl ketones. 
Replacement of the phenyl ring of 5 with a methyl group in 14 resulted in at least a ten fold drop in potency, 
suggesting that the aryl ring remains a key recognition element as in the cinnamide inhibitors. The saturated 
analogues 15 and 16 were found to have poor activity on the CMV protease, with roughly a 1,000 fold loss of 
potency as compared to the unsaturated compounds. 

The surprisingly good potency on CMV protease with this class of compound led us to speculate that a 
second inhibitory mechanism may be at play. A Michael type addition onto the enedione function seemed a 
potential mechanism that was consistant with the key features of the SAR such as the substantial loss of 
potency in moving from the unsaturated ketone 5 to the unsaturated amide 13 to the saturated ketone 15. 




No 


R 


CMV 


IC 50 |iM 
HSV-2 


VZV 


5 


Ph 


0.03 


2.7 


1.0 


6 


4-EtO-Ph 


0.26 


16 


1.6 


7 


4-Cl-Ph 


0.06 


15 


3.2 


S 


3-MeO-Ph 


0.029 


0.68 


0.34 


9 


3-CN-Ph 


0.041 


2.0 


0.41 


10 


3-N02-Ph 


0.031 


3.0 


0.48 


11 


2-N02-Ph 


0.014 


2J2 


0.84 


12 


2-thienyl 


0.029 


4.6 


0.65 


13 


NHPh 


2.3 


2.6 


1.1 


14 


Me 


0.37 


0.79 


1.6 


15 


Ph 


21 


12 


27 


16 


2-thienyl 


19 


4.7 


0.82 



Table 1 



DOCJD: <XP 4157245A„L> 



I 



/. L Pinto et at. /Bioorg. Med. Cnem. Utt 9 (1999) 449-452 451 



Hgl 

Modelling of 5 as the tetrahedral intermediate with Ser-132 into the active site of CMV protease^ 
revested an excellent fit into the prime-side cleft which resulted in cysteine 161 lying to close proximity (2.6*) 
to the amide terminus of the dk>ne double bond, well placed for Michael addition (Kg 1). The Cys-161 residue 
is not essential for catalytic activity ? but in the presence of certain disulpmde or redox reagents, the Cys-161 of 
CMV protease has been shown to form a disulphide bond to Cys-138 which inactivates the enzyme." A similar 
interaction with the corresponding cysteine in VZV or HSV-2 was not possible from model^ smdtt to to 
the enedione function being twisted out of conjugation by helix A6 in these enzymes™ precluding an effecttve 
fit and thereby conferring selectivity for CMV. Confirmation that the enedione was indeed alkylating Cys-161 
was sought from mass spectrum studies of the complex obtained from incubating 5 with (>W protease. 

Formation of the inhibitor enzyme complex (I:E) of 5 with CMV protease was carried out at 1:1. 5:1 
and 10:1 molar ratios (5CMV) and analysed using LC/MS with electrospray ionisation (ESI). The «suto 
indicated the formation of a complex consistent with the addition of one molecule of 5 to the protease wtuch. 
on extended incubation, increased in molecular mass by approximately 18 Da. in order to determine me 
binding site the I:E complex was digested with trypsin (50:1 by weight complex:trypsm)jmd thettyptic 
neotides analysed by LC ESI/MS and the data compart with that ob^ An 
e*re tryptic peptide (HVALfiSVGR) was observed in the digest of 1* whose monoisotopfc nwtecutornass 
(1326 6DTbyMALDI ToF; 1326.7 Da theoretical) was consistent with the tryptic peptide containing Cys-161 
+ 5 +"l 8 Da, suggesting the hydrolysed form of 5 was bound to this peptide. To confirm this otoervaoontije 
experiment was repeated with the chlorinated analogue 7. Comparison of the results 
whose molecular mass (1360.6 Da) was 34 Da higher than that observed with 5. consisted wim die dtf^ 
in molecular mass of the two Uganda. To confirm the nature of the modified peptides the digests 
by^trix assisted laser desorpuon ionisation (MALDI) time of flight (ToF) MS and ^m^mbardment 
(FAB) MS. Both FAB and MALDI confirmed the molecular mass of the modified J™"""" ■ 
fre criorine in 7 on the isotope pattern of this peptide established that the compound was indeed bound to Otis 
£ptiT™st source decay MS/MS analysis, using MALDI ToF. of the modified peptides mttoctfed one major 
fragment ion equivalent to the loss of a hydrolysed 5 or 7 from the tryptic peptide containing Cy*-16L 

Studieswith thienoxazinones that do not cany a second potentiaUy reactive sue have shown Oat 
acytotion occurs on the active site serine. Ser-1324e.3 and that subsequent sto w deacylatr on ™ 
Sieve that with the present series of mmbitors. tne initial E + I conmlex observe 
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schematic structure 18, where initial acybtton of the serine has been followed by Michael addition of Cys-161. 
On extended incubation, the E+I+18 complex results from hydrolysis of the acyl-enzyme bond to afford 
structure 19. The adduct 19 is stable to further incubation and to the trypuc digest conditions allowing the site 
of addition of the 1+18 moiety to be confirmed as Cys-161. 




When representative enediones inhibitors were tested for cytotoxicity in MRC-5 cells using an XTT 
assay, 5 they were found to be very cytotoxic. The TC50 values for 5, 12, and 14 were 14, 2 and 11 uM 
respectively. The cytotoxicity is presumably related to the Michael acceptor reactivity of the molecules as they 
were substantially more cytotoxic than other classes of thfcno[2,3-d]oxazinone inhibitors. 5 * 6 The high level of 
cytotoxicity precluded further evaluation of the enediones inhibitors as CMV antiviral agents. 

In conclusion the [23~d]thienoxazinone enediones represent the most potent inhibitors of CMV 
protease to be described to date. The compounds not only acylate the catalytic serine of CMV protease but also 
alkylate Cys-161 via a Michael type addition which probably accounts for the excellent potency observed. It is 
interesting to note that Tsuge et al speculated 2 ^ that molecules that could covalent bind to Cys-161 would 
provide inhibitors of CMV protease. 
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